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e3-1. Determine the force in each cord for equilibrium of 
the 200-kg crate. Cord BC remains horizontal due to the 
roller at C, and AB has a length of 1.5 m. Set y = 0.75 m. 


Geometry: From the geometry of the figure, 
0= sor 97) 30° 
1.5 


Equations of Equilibrium: Applying the equations of equilibrium to the free - body diagram in Fig. (a), 
+TIF =@ Fpaq sin30°-20009.81)=0 Faq = 3924N = 3.92 KN Ans. 
+ oF, =0; 3924 cos 30°— Fac =0 Fpc = 3398.28 N = 3.40 kN Ans. 


2009.61) N 
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3-2. Ifthe 1.5-m-long cord AB can withstand a maximum 
force of 3500 N, determine the force in cord BC and the 
distance y so that the 200-kg crate can be supported. 


Equations of Equilibriam: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a), 


+ TER, =0 3500sin@ — 200(9.81) =0 @ = 34.10° 
3500c0s 34.10°— Fae =0 Fy: = 2898.37N = 2.90kN 


y = 1.5s8in34.10° = 0.841m = 841mm Ans. 


20096!) 
(&) 
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3-3. Ifthe mass of the girder is 3 Mg and its center of mass 
is located at point G, determine the tension developed in 
cables AB, BC, and BD for equilibrium. 


Equations of Equilibrium: The girder is suspended from cable AB. In order to meet the conditions of 
equilibrium the tensile force developed in cable AB must be equal to the weight of the girder. Thus, 
Fag = 3000(9.81) = 29 430N = 29.43 KN =29.4kN Ans. 


Applying the equations of equilibrium along the.x and y axes to the free - body diagram in Fig. (a), 
1,27, = 0; Fgp sin30°— Fg sin45° = (1) 
+TIF, = 29.43— Fpp c0s30° — Far 008 45° = (2) 


Solving Eqs. (1) and (2), yields 
Fg = 15.2kKN Fpp = 21.5 kN 


3 Solutions 44918 1/21/09 4:25 PM Page 124 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*3-4. If cables BD and BC can withstand a maximum 
tensile force of 20 kN, determine the maximum mass of the 
girder that can be suspended from cable AB so that neither 
cable will fail. The center of mass of the girder is located at 
point G. 


Equations of Equilibrium: The girder is suspended from cable AB. In order to meet the conditions of 
equilibrium the tensile force developed in cable AB must be equal to the weight of the girder. Thus, 
Fag = m(9.81)= 9.8ln Ans. 


Applying the equations of equilibrium along the.x and y axes to the free - body diagram in Fig. (a), 


Fp sin30° — Fgc sin45° = 0 
Fgp = 1.4142F gc () 
+ TIF, =0, 9.81m — Fp cos 30° — Fac cos 45° = 0 (2) 


Since Fgp >Fpc . cable BD will break before cable BC. Substituting Fppn = 20 000 N into Eq. (1), 
Fee = 14142.14N 


Substituting this result into Eq. (2), yields 
9.81 m — 20 000 cos30° — 14 142.14c0s45° = 0 
m = 2.785 kg =2.78 Mg 
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e3-5. The members of a truss are connected to the gusset 
plate. If the forces are concurrent at point O, determine the 
magnitudes of F and T for equilibrium. Take 6 = 30°. 


“EF, =0; -Tcos30°+8 + 5sin 45° = 0 


T = 13.32 = 13.3 kN Ans 


+T ZK =0; F — 13.32 sin30° - Scos 45° = 0 


F = 10.2kN Ans 


3-6. The gusset plate is subjected to the forces of four 
members. Determine the force in member B and its proper 
orientation 6 for equilibrium. The forces are concurrent at 


point O.Take F = 12 KN. 


SIR =0; 8-Tcos@+5sin45° = 


+T ZK =0; 12-Tsin@ - 5cos45° = 0 


Solving, 
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3-7. The towing pendant AB is subjected to the force of 
50 KN exerted by a tugboat. Determine the force in each of 
the bridles, BC and BD, if the ship is moving forward with 
constant velocity. 


EF, = 0; Tec sin W - Ten sin 20° = 0 


+T ZF, = 0; Toc cos 0° + Tn cos 20° - 50 = € 


Solving. 
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*3-8. Members AC and AB support the 300-lb crate. 
Determine the tensile force developed in each member. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a), 


Fap cosas" — Fac 2}=0 (1) 


+TIF =@ Fup sind + Fac{ +) 3000 


Solving Eqs. (1) and (2), yields 
Fac = 2141b Fag =1821b 
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e3-9. If members AC and AB can support a maximum 
tension of 300 1b and 250 lb, respectively, determine the 
largest weight of the crate that can be safely supported. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a), 


Fap ws45*~ Fyc(2|=0 (l) 


+TEF, =0 Faz sind*+Fyc( +)-w=0 (2) 


Assuming that rod AB will break first, F4g = 250 Ib. Substituting this value into Eqs. (1) and (2), 


Fac = 294.63 Ib 
W = 412 Ib 


Since Fac = 294.631b < 300 Ib, rod AC will not break as assumed. 
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3-10. The members of a truss are connected to the gusset 
plate. If the forces are concurrent at point O, determine the 
magnitudes of F and T for equilibrium. Take 6 = 90°. 


"() = 53.13° 


SIR, <0; Tove 53.13° - F(5) =0 


+TER 2 9~ Tein $3.13° - F(3) =0 


$s 


3-11. The gusset plate is subjected to the forces of three 
members. Determine the tension force in member C and its 
angle @ for equilibrium. The forces are concurrent at point O. 
Take F = 8KN. 


SER =0; Too ¢- 8(5) 20 (1) 


+T ZR =O 9-8(3)- Tsing =0 (2) 


Rearrange then divide Eq. (1) into Eq. (2) : 


tan 9 = 0.656, @ = 33.27° 


T= 7.66KN Ans 


O=o+ ua(2) = 701° Ans 


129 


3 Solutions 44918 1/21/09 4:25 PM Page 130 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*3-12. If block B weighs 200 lb and block C weighs 100 1b, 
determine the required weight of block D and the angle 6 
for equilibrium. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free- body diagram shown in Fig. (a), 


2 if, =0; 100cos 30° — 200cosé = 0 
6 = 64.34° = 64.3° 


Using this result and writing the equation of equilibrium along the yaxis, yields 
+TXF, = 100sin 30° + 200sin 64.34° — Wp = 0 
Wp = 2301b 
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e3-13. If block D weighs 300 lb and block B weighs 275 |b, 
determine the required weight of block C and the angle 6 
for equilibrium. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free- body diagram shown in Fig. (a), 


+, =F, =0; We cos 30° —275c0s 8 = 0 
+TZIF, =0 Wc sin 30° + 275sin 8 —300 = 0 


Solving Eqs. (1) and (2), yields 
6 = 40.9° We = 240 Ib 


a) =300/b 
(A) 
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3-14. Determine the stretch in springs AC and AB for 
equilibrium of the 2-kg block. The springs are shown in 
the equilibrium position. 


Fup = 2(9.81) = x4p(40) 


Xap = 0.4905 m 


AEF = 0; 


+T IE =0; 


3-15. The unstretched length of spring AB is 3 m. If the 
block is held in the equilibrium position shown, determine 


the mass of the block at D. 


Tcos 45° — 60) =0 
T = 67.88N 
-w +67.88sin 45° + 60(2)= 0 
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*3-16. Determine the tension developed in wires CA and 
CB required for equilibrium of the 10-kg cylinder. Take 
0 = 40°. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free- body diagram shown in Fig. (a), 


+ IF, =0; Fog 00s40°— Fy cos 30°= 0 (i) 
+TXF, =0, Fog sin40°+ Fo, sin30°-10(9.81)=0 (2) 


Solving Eqs. (1) and (2), yields 
Fo, = 80.0N Fog = 90.4N 


133 


3 Solutions 44918 1/21/09 4:25 PM Page 134 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e3-17. If cable CB is subjected to a tension that is twice 
that of cable CA, determine the angle @ for equilibrium of 
the 10-kg cylinder. Also, what are the tensions in wires CA 


and CB? 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes, 


+, =F, = 0; Fg 00s — Fey cos 30° = 0 (1) 
+TXR, =0 Fom sin@ + Fo sin30°—10(9.81) = 0 


However, it is required that 


Solving Egs. (1) and (2), yields 
6 = 643° 


104-81) N 
(A) 
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3-18. Determine the forces in cables AC and AB needed 
to hold the 20-kg ball D in equilibrium. Take F = 300N 
andd = 1m. 


Equations of Equilibrium : 


4 


tare mol) o(G) 


06247F, +0.8944F,- = 300 


5 1 
+TIE =0; & (a) re 982-0 


0.7809F,y +0.4472F,¢ = 196.2 


Solving Eqs.[1] and [2] yields 


Fig =986N Fe =267N 


2609-61) 2 1962 N 
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3-19. The ball D has a mass of 20 kg. Ifa force of F = 100 N 
is applied horizontally to the ring at A, determine the 
dimension d so that the force in cable AC is zero. 


Equations of Equilibrium : 
EF =0; 100-F,,cos8=0 F,,c0s @= 100 
+TEE =0; Fysin@-196.2=0  Fypsin@= 196.2 


Solving Eqs. [1] and [2] yields 


=20.21IN 
eet tab 20981) */96-2.N 


From the geometry, 


d+1.5 = 2tan 62.99° 
d=2.42m 
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*3-20. Determine the tension developed in each wire 
used to support the 50-kg chandelier. 


Equations of Equilibrium: First, we will apply the equations of equilibrium along the xand y axes to the 
free - body diagram of joint D shown in Fig. (a). 


+ 2F, =0; Fp 00s 30° — Fp cos 45° = 0 (1) 
+TXF, =0 Fp sin30° + Fgp sin45° - 50(9.81)=0 (2) 


Solving Eqs. (1) and (2), yields 
Fop =359N Fep = 439.77N =440N Ans. 


Using the result Fgp = 439.77 N and applying the equations of equilibrium along the xand y axes to the 
free - body diagram of joint B shown in Fig. (6), 


+ TIF, =0, sin30° — 439.77sin 45° = 0 
= 621.93N = 622N 


+439.77 cos 45° — 621.93 cos30° = 0 
= 228N 


SOCGBIDN 


(2) 
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e321. Ifthe tension developed in each of the four wires is 
not allowed to exceed 600 N, determine the maximum mass 
of the chandelier that can be supported. 


Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand yaxes to the 
free - body diagram of joint D shown in Fig. (a). 


+, EF, = 0; Fcp 00s 30° — Fgp cos 45° = 0 (i) 
+ TIF, =0, Fop sin30° + Fgp sin4S°— m(9.81)=0 (2) 


Solving Eqs. (1) and (2), yields 
Fop = 7.1814m Fpp = 8.7954m 


Using the result Fp = 8.7954 and applying the equation of equilibrium along the x and y axes to the 
free - body diagram of joint B shown in Fig. (b), 
+TEF, =0 Fag sin30° — 8.7954 msin45° = 0 
Fag = 12.4386m 
+, =F, = 0; Fac +8.7954meos 45° — 12.4386m cos 30° = 0 
Fac = 4.5528m 


From this result, notice that cable AB is subjected to the greatest tensile force. Thus, it will achieve the 
maximum allowable tensile force first. 

Fag = 600 = 12.4386m 

m = 48.2 kg 
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™3-22. A vertical force P = 10 lb is applied to the ends of 
the 2-ft cord AB and spring AC. If the spring has an 
unstretched length of 2 ft, determine the angle 6 for 
equilibrium. Take k = 15 lb/ft. 


SER =0; °F cos$ - Tcos8= 0 


+T IF, = 0; T sin@ + F, sing-10= 0 
s = (4) + (2)2-24)(2)cosO- 2/5—4c089 ~2 
F, = ks = 2k(/5-4c038 -1) 


2058. aa - C050) 
From Eq. (1): T= 5(<8) 


cos 2[S-Trase™ 


Isuno 


T= 24(/5=Ac088 ~ (ees les tan0(Y5=Aee08 -1 


From Eq. (2): : 5—4cos@ 


2 [5=4c088 -1)(2-cos8) - Set k= 15 Ib/ft 


tan@ + 


v¥5~4c080 Solving for 6 by trial and error, 


(V5=4cos0 -t) . _" @ = 35.0 Ans 
Q2tand ~ sind + sind) = 


5—4cos6 
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3-23. Determine the unstretched length of spring AC if a 
force P = 80 1b causes the angle 6 = 60° for equilibrium. 
Cord AB is 2 ft long. Take k = 50 lb/ft. 


l= (@ F2 -22)(4)cos6 


+TEK = 0; Tsin60° + Fsin30° - 80 = 0 


42m = 0; ‘=Tc0s60° + F,cos30° = 0 
Solving for F,, 


F, = 40 lb 
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*324. If the bucket weighs 50 lb, determine the tension 
developed in each of the wires. 


Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand y axes to the 
free- body diagram of joint E shown in Fig. (a). 


3 
+ SF, = 0; Fep cos 30° Fin 2} = 0 (1) 


+TEF, =0 Fa sin30*+ Fea 4)—s0=0 


Solving Eqs. (1) and (2), yields 
Fep = 30.2 Ib Frp = 43.611b = 43.6 Ib Ans, 


Using the result Fg = 43.61 lb and applying the equation of equilibrium to the free- body diagram of joint B 
shown in Fig. (b), 
+TXFR = Fac sin30r-43.6{ 2] =0 


Fc = 69.78 Ib = 69.8 Ib 


69.78.00s 30° +4364 2) ~Fy =0 


Fra = 86.6 lb 
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e3-25. Determine the maximum weight of the bucket that 
the wire system can support so that no single wire develops 
a tension exceeding 100 Ib. 


Equations of Equilibriam: First, we will apply the equations of equilibrium along the xand y axes to the 
free - body diagram of joint E shown in Fig. (a). 


+ 2F, =0; Fp cx 30° Fn 3}=0 () 


+T EF =0 Fap tn30°+ Fep( 2)-w =0 


Solving, 
Frp = 0.8723W Fep = 0.6043W 


Using the result Fg = 0.8723W and applying the equations of equilibrium to the free - body diagram of joint B 
shown in Fig. (6), 
+ TER, =0 Fac sna0*- os72aw( 4) =0 


Fag = 1.39570 


+27, =0 13957 cx 30" + 0.87230 3) Fu =0 


Fp = 1.7320W 


From these results, notice that wire BA is subjected to the greatest tensile force. Thus, it will achieve 
the maximum allowable tensile force first. 

Fra =100= 1.7320W 

W =57.7lb 
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3-26. Determine the tensions developed in wires CD, CB, 
and BA and the angle @ required for equilibrium of the 
30-lb cylinder E and the 60-Ib cylinder F. 


Equations of Equilibriam: Applying the equations of equilibrium along the x and y axes to the 
free - body diagram of joint C shown in Fig. (a), 


* =F, = 0; Fac 00s @ —Fep 00s 30°= 0 = (1) 
+ TER, =0, —Fpc sin@ + Fp sin30°-30=0 


By referring to the free - body diagram of joint Bin Fig. (b), 


+,3F, = 0; Fpq 00s45°— Far 0088 =0 (3) 
+TEK, =0 Fp sin45°+ ge sin @ -60 = 0 


Solving Eqs. (1) through (4), yields 
Fra = 80.71b 
Fop = 65.9 lb 
Fc = 57.1 1b 
6 =2.95° 
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3-27. If cylinder E weighs 30 lb and 6 = 15°, determine 
the weight of cylinder F. 


Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand y axes to the 
free- body diagram of joint C shown in Fig. (a). 


+, F, = 0; Fee cos 15°— Fp cos30° = 0 
+TXF, =@ Fep sin30° — Fc sin15°-30= 0 


Solving Eqs. (1) and (2), yields 
Fgc = 100.38 Ib Fop = 111.96 Ib Ans, 


Using the result Fg- = 100.38 Ib and applying the equation of equilibrium along the x and y axes to the 
free- body diagram of joint B shown in Fig. (5), 


Fa 00845° — 100.38.c0s 15° = 0 
Fra = 137.12 1b 


137.12sin45° + 100.38sin 15° -Wp =0 
Wr = 123 Ib 


Fec=/00:38 
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*3-28. Two spheres A and B have an equal mass and are 
electrostatically charged such that the repulsive force acting 
between them has a magnitude of 20 mN and is directed 
along line AB. Determine the angle 6, the tension in cords 
AC and BC, and the mass m of each sphere. 


For B: 


“, EF, = 0; 0.02 cos 30° - % sin30° = 0 


+T ZF, =0; 0.02sin30° + Ty cos 30° - W = 0 
Ty = 0.0346N = 34.6mN Ans 
W = 0.04N 

ForA: 

“ER, =0; %sin@ - 0.02cos 30° = 0 

+TER =0; %cos 6 — 0.02 sin 30° - 0.04 = 0 
T = 0.0529N =529mN Ans 
@=191° Ans 


.04 -3 
— = 4.08 (10 = 4.08 Ans 
581 (10™) kg & 


e3-29. The cords BCA and CD can each support a 
maximum load of 100 lb. Determine the maximum weight 
of the crate that can be hoisted at constant velocity and the 
angle @ for equilibrium. Neglect the size of the smooth 
pulley at C. 
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3-30. The springs on the rope assembly are originally 
unstretched when @ = 0°. Determine the tension in each 
rope when F = 90 lb. Neglect the size of the pulleys at B 
and D. 


T=ke= Kl-b)=30( =; ~2) = 60(— -1) (1) 


+TZEF =0; 27sind-90=0 (2) 


Substicuting Eq.(1) into (2) yields : 
120(tan6—sin6)-90 =0 

tan 6 ~sin@ = 0.75 

By crial and error : 

9 = $7.957° 


Prom Eq.(1), 


1 
T= 60 — oe -1)=53.1 b 
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3-31. The springs on the rope assembly are originally 
stretched 1 ft when @ = 0°. Determine the vertical force F 
that must be applied so that 6 = 30°. 


2 
BA = ap 7 TOMA 


When @ = 30°, the springs are stretched | ft + (2.3094 ~ 2) ft = 1.3094 ft 


F, = kx = 30(1.3094) = 39.28 lb 
+TZF =0; 2(39.28) sn30°-F =0 


F = 39,3b Ans 
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*3-32. Determine the magnitude and direction 6 of the 
equilibrium force F4z exerted along link AB by the tractive 
apparatus shown. The suspended mass is 10 kg. Neglect the 
size of the pulley at A. 


Free Body Diagram : The tension in the cord is the same throughout the 
cord, that is 10(9.81) = 9.81 N. 


t 


Equations of Equilibrium : 10(9-B1)298.1N 


SEF =0;  F,,0080-98.1c0s 75° -98.1cos 45° = 0 
F,,0080 = 94.757 


+TEE =0;  98.1sin 75°-98.1sin 45°- F,,sin 0=0 
F,gsin 6 = 25.390 


Solving Eqs.(1] and [2] yields 10(9-B1)=98:IN 
@=15.0° Fy, =98.1N 
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e3—-33. The wire forms a loop and passes over the small 
pulleys at A, B, C, and D. If its end is subjected to a force of 
P=50N, determine the force in the wire and the 
magnitude of the resultant force that the wire exerts on 


each of the pulleys. 


+T ER =0; 2(Tcos 30%) -50=0 

T = 28.868 = 289N Ans 
For A and D: 
Fre 7 ZF, Fez = 28.868 sin 30° = 14.43N 


Far = ZF; Fay = 28.868 — 28.868 cos 30° = 3.868N 


Fy 2 7(14.432 + (3.8687 = 14.9N (AandD) = Ans 


Fa = ¥(28.868) + (28.868? = 40.8N (B and C) 
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3-34. The wire forms a loop and passes over the small 
pulleys at A, B, C, and D. If the maximum resultant force that 
the wire can exert on each pulley is 120 N, determine the 
greatest force P that can be applied to the wire as shown. 


+T IF 20; 2Tcos3?-P =0; 7 = 057735P 
Maximum resultant force is resisted by pulleys B and C. 

Fr = (0.57735 PP + (0.57733 PY 

Fp = 0.8165 P = 120 


P= 147N Ans 


B T=0:57735P 


720.57735P 
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3-35. The picture has a weight of 10 lb and is to be hung 
over the smooth pin B. If a string is attached to the frame at 
points A and C, and the maximum force the string can 
support is 15 lb, determine the shortest string that can be 
safely used. 


Free Body Diagram : Since the pin is smooth, the tension force in 
the cord is the same throughout the cord. 


Equations of Equilibrium : 


ZF =0; Tcos@-Tcos@=0 (Satisfied!) 
. 5 

+TIF=0; 10-27sin@=0 T=— 

7 sin 0 


If tension in the cord cannot exceed 15 Ib, then 


From the geometry, ; = — and @ = 19.47°. Therefore 


18 


bs Se ioare | 19-1 
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*3-36. The 200-lb uniform tank is suspended by means of 
a 6-ft-long cable, which is attached to the sides of the tank 
and passes over the small pulley located at O. If the cable 
can be attached at either points A and B or C and D, 
determine which attachment produces the least amount of 
tension in the cable. What is this tension? 


Free Body Diagram : By observation, the force F has to support the 
entire weight of the tank. Thus, F = 200 fb. The teasion in cable is the same 


throughout the cable. 


Equations of Equilibrium : 


EF, =0; Toos@~Toos@=0 (Satisfied!) 


+T2R =0; 200-27sin@=0 Tat 
3 


in 8 a) 


From the function obtained above, one realizes that in order to produce the 
least amount of tension in the cable, sin 8 hence @ must be as great as 
possible. Since the attachment of the cable to point C and D produces a 
greater ( 8 = cos™'} = 70.53°) as compared to the attachment of the cable 


to points A and B( @ = cos"'} = 48.19"), 


The attachment of the cable to pointC and D will produce 
the least amount of tension in the cable. Ans 


Thus, 
100 


Pe sa 70.53 | Oo” 
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e™3-37. The 10-lb weight is supported by the cord AC and 
roller and by the spring that has a stiffness of k = 10 Ib/in. 
and an unstretched length of 12 in. Determine the distance 
d to where the weight is located when it is in equilibrium. 


+EF 80; -No+F0s9=0 


+TIF = 0 Fsind-10=0 


n= (By) 


= 120 (sec 6 - 1) 


120 (sec @ -1) sin @ = 10 


(an 6 — sin @) = 


6 = 30.71° 


d = 1200 30.71° = 7.13 in. Ans 


153 


3 Solutions 44918 1/21/09 4:25 PM Page 154 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


3-38. The 10-lb weight is supported by the cord AC and 
roller and by a spring. If the spring has an unstretched 
length of 8 in. and the weight is in equilibrium when 
d = 4in., determine the stiffness k of the spring. 


+T EF =0; F,sin@- 1020 


Fo = kx; r=, -8) 
cos 8 


4 
6=—; 86 43, 
an @ = 3 = 18,435° 


Thus, 


12 
k| ——_____. — 8 i 4: 
(= 18.435° ) si — oe 


& = 6.80 b/in. Ans 
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03-39. A “scale” is constructed with a 4-ft-long cord and 
the 10-lb block D. The cord is fixed to a pin at A and passes 
over two small pulleys at B and C. Determine the weight of 
the suspended block at B if the system is in equilibrium. 


Free Body Diagram : The tension force in the cord is the same throughout 
the cord, that is 10 lb. From the geometry, 


= six” (=) = 23.58". 


Equations of Equilibrium : 
5F =0;  10sin23.58°-10sin 23.58°=0 (Satisfied!) 


+TEE =0;  2(10)cos 23.58°- W, =0 
Wz = 18.3 1b 


e*3-40. The spring has a stiffness of k = 800 N/m and an 
unstretched length of 200 mm. Determine the force in cables 
BC and BD when the spring is held in the position shown. 


The Force in The Spring : The spring stretches s = /— 1, = 0.5-0.2 op _ —FA 
= 0.3 m. Applying Eq.3~2, we have aa iia 


E, = ks = 800(0.3) = 240 N 


Equations of Equilibrium : 


4 
“EA =0;  Fyccos 45°+ o(=)-240=0 
0.707 Fc + 0.8F,p = 240 


+T2R=0; Fycsin4s*~Fo()=0 
Fac = 0.8485 Fgp 


Solving Eqs. [1] and [2] yields, 


Fp =171N yc = 145N 
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e341. A continuous cable of total length 4 m is wrapped 
around the small pulleys at A, B, C, and D. If each spring is 
stretched 300 mm, determine the mass m of each block. 
Neglect the weight of the pulleys and cords. The springs are 
unstretched when d = 2 m. 


F, = 500(0.3) = 150 N 


0; —150+2Tsin@=0 


Note that when 6 = 90°, the springs are unstretched 
and the tension in the cord is zero. When the springs are stretched 
300 mm = 0.3 m, thend = (2 - 2(0.3)) = 14m 


6s sin (22) = 444° 


From Eq. (1), T = 107.1N 


—2 (107.1) cos 44.4° + m (9.81) = 0 


m= 15.6kg Ans 


3-42. Determine the mass of each of the two cylinders if 
they cause a sag of s = 0.5m when suspended from the 
rings at A and B. Note that s = 0 when the cylinders are 
removed. 


au 
San ee 2.378h am 
Tic = 100 N/m (2.828 2.5) = 32.84 N eias 
im 


+T EF, =0;  32.84sin45°~m(9.81) =0 


m=2.37kg Ans 


156 


3 Solutions 44918 1/21/09 4:25 PM Page 157 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e3—43. The pail and its contents have a mass of 60 kg. If the 
cable BAC is 15 m long, determine the distance y to the 
pulley at A for equilibrium. Neglect the size of the pulley. 


Dividing both sides of Eq.(3] by yx? + y? yields 
Free Body Diagram : Since the pulley is smooth, the tension . . me ty 
in the cable is the same throughout the cable. 


Equations of Equilibrium : 
IE =0; Tsin@-Tsing=0 @=¢ 


Geometry : 


4 = ¥(10-x)*+(y-2)? 4 = fx2 ty? 


Since @ = ¢, two triangles are similar. 


ns o -x)* ine 
10 x y-2_ (10-x)? +(y— 2)? 


z y yxt+y? 
+h =15 
¥(10-x)? +(y-2)*+ fatey? = 15 


2 2 
(Yee \ac-areo-a ve Fyt = 15 (2) 


¥ -x)* - - 
However, from Eq.(1) ¥0=x) 47-2 Ons Eq. [2] becomes 
x2+y? = 


1a) + fay =I 


= 


609-81) = 588:0N 
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e*3-44, A scale is constructed using the 10-kg mass, the 
2-kg pan P, and the pulley and cord arrangement. Cord 
BCA is 2 m long. If s = 0.75 m, determine the mass D in the 
pan. Neglect the size of the pulley. 


[ef 


SIF, =0; 98.1c0s0-TMacose20 (1) 
+TZEF, =0; Tasing+98.1sin@-m(9.81)=0 — (2) 
(LSP s+ 
(1.25 3(1.5-2) +9 
(1.25) = (1.5-x) +(1.5P 2 


—3x+ 2.9375 =0 


= sin! (750?) « a9.25° 


@= sin" ( LE) = 65.38° 


Solving Eq. (1) and (2), 
Tha = 62.62N 
x20.9792m “en 


y21.1363m 


mp =13.9kg-2kgsll.9kg Ans 
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e3—45. Determine the tension in the cables in order to 
support the 100-kg crate in the equilibrium position shown. 


Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 
Fag = Fapi 
Fac =-Facj 


(2-09 +(2-0)j+0- Ok |_ ~2 Fait Fapit =Fapk 


Fap = Fap 
X-2- 07 +2-o7% +a-07 | 3 


W =[-100(9.81)k]N =[-981k]N 


Equations of Equilibrium: Equilibrium requires 
=IF=0; Fag+Fac +F4p +W=0 


2 2 1 
Fani+-Facd+{ ~3 Papi 3 fap +3 Fapk | +(-9818)= 0 


( -2 hp \+{-Fac +2 Fp Jie($e - 981} = 0 


Equating the i, j, and k components yields 


Solving Eqs. (1) through (3) yields 
F4p = 2943 N = 2.94kN 
Fag = Fac =1962N= \.96KN 


W=/00(9-81) N 


(@) 
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3-46. Determine the maximum mass of the crate so that the 
tension developed in any cable does not exceeded 3 KN. 


Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 
Fag = Fapi 
Fac =- Fac 


Fap = Fap (2 — 0)i + (2-0) j+ 1— Ok _ =~ SF api+ SFapi+ =Fapk 


t2- 0)? +(2- 0)? +(1-0)” 


W =[-m(9.81)k] 


Equations of Equilibrium: Equilibrium requires 
XF=0; Fag +Fac +Fap+W=0 


Fasi+(-Ficd+(-2hapit 2 Fypi+4 Fapk|+[-m(98k]= 0 


2 2 1 
(2 = de +73 fap Jie($ Fo = osm =O 


Equating the i, j, and k components yields 


6) 


When cable AD is subjected to maximum tension, F4pn = 3000 N. Thus, by substituting this value into Eqs. (1) through 
(3), we have : 

Fap = Fac = 2000 N 

m = 102 kg 
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3-47. The shear leg derrick is used to haul the 200-kg net of 
fish onto the dock. Determine the compressive force along 
each of the legs AB and CB and the tension in the winch 
cable DB. Assume the force in each leg acts along its axis. 


tet (-$to Sse fe) 


= — 0.3333 Fyy i + 0.6667 Fyy j + 0.6667 Fay k 


rete (24s fae $y 


= 0.3333 Fep 1 + 0.6667 Fog J + 0.6667 Fog k 


ap = Fao (- 255 - = k) 
= = 0.9231 Fyp J — 0.3846 Fyp k 

We - 1962k 

=F, = 0; — 0.3333 Fy, + 0.3333 Fog = 0 

EF, 20; 0.6667 Fup + 0.6667 Fog - 0.9231 Fyp 2 0 

IF =0; 0.6667 Fxg + 0.6667 Foy — 0.3846 Fan -— 1962 = 0 
Faz = 2.52 kN Ans 
Fog = 2.52 KN Ans 


Fap = 3.64KN Ans 
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*3-48. Determine the tension developed in cables AB, AC, 
and AD required for equilibrium of the 300-lb crate. 


Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 
Foo Py (-2-0)i+ (1-0) j+(2- Ok 


‘ - FF agit AF 4p jt 2 Fagk 
{o- 0)7 +(1- 0)? +(2-0)” 


3 3 

Fue = Fac 6-2 0)i + (€2- 0)j+ 1—O)k_ es ey ay 
¥-2- 0)? +(2-0)7 +10)" 3 3 3 

Fap = Fapi 

W =[-300k] Ib 


Equations of Equilibrium: Equilibrium requires 
=F = 0; Pap t+ Fac +Fap +W=0 


1 2 2 2 1 
(-2Fasi Sapi+ ZF aak }+(—ZFaci~ 2c 53 Fac} + Fay + (300k) =0 


(-2 0-31 + Fa (4a - 2h }+(3r0 a "AC 300 x =0 


3 
Equating the i, j, and k components yields 


ig me igs + Fap =0 
3 3 

1 2 

— Fag —=Fac =0 
ge ge 


2 1 
—Fap +—Fac —300=0 
3 ‘AB 3 ‘AC 


Solving Eqs. (1) through (3) yields 
Fag = 3601b 
Fac = 1801b 
Fap = 360 1b 
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e3-49, Determine the maximum weight of the crate so that 
the tension developed in any cable does not exceed 450 Ib. 


Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 
Ran Ry |e le rit 5 Fa i+5Fapk 
{e2- 0)? +1 - 0)? +(2-0)? 


Rac = Fac | edt 2 1+ I= OK 2 2rgi- 2c itt ick 


¥(-2- 0)? +(-2-0)7 + (1-0) 3 
Fap = Fapi 
W =-Wk 


Equations of Equilibriam: Equilibrium requires 
XF=0; Fag +Fac +Fa4p+W=0 


2 1 2 2 2 1 
[-2 Pasi Shap 2Faak}+| ~Z faci Fhyci+ 5 hack} +Fypi+ (= 0 


2 2 1 2 2 1 h 
——F ap —-— Fir + F, i+| —Fap ——F, it+| ~Fap +—F, —-W =0 
( 3 AB 3 ‘AC ao } (4 ‘AB 3 w }i (3 AB 3 AC 


Equating the i, j, and k components yields 
- 2h - 2h + Fan =0 


I 2 

= Fag -—Fuc =0 
a ge 

2 1 

fas + 3Fac -w=0 (3d 


Let us assume that cable AB achieves maximum tension first. Substituting F4g = 450 Ib into Eqs. (1) through (3) and solving, 
yields 


Fac = 225 lb Fap = 450 1b 
W = 375 Ib Ans. 


Since Fyc = 225 lb < 450 Ib, our assumption is correct. 
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3-50. Determine the force in each cable needed to 


support the 3500-lb platform. Set d = 2 ft. 
3500 Ib 


Cartesian Vector Notation: 


44 -3j-10k 
Fis =Ful d Jessen st-0267,)-08ner 


ya + (—3)? +(—10)? 


Fic = ne ees = 0,1881F,ci + 0.2822F, ¢j -0.9407F, ck 


41+ 1j- 10k 
F,p = tal — }- ~0,3698F, pi +0.09245F, p}-0.9245F, 5k 


4+ 12+(—10)? 


F = {3500k} Ib 


Equations of Equilibrium: 


€2-----------—--]---- 4, 


IF=0; ys thyct+hp+F =0 


= 


(0.3578F,5 +0.1881F,¢ ~0.3698F,p) i + (—0.2683F, 5 +0.2822F,c +0.09245F,p)j 
+(-0.8944F, , - 0.9407F,,¢ ~0.9245F,p +3500) k = 0 


Equating i, j and k components, we have 


0.3578F,, +0.1881F,c -0.3698F,p =0 
-0.2683F,, +0.2822F,¢ +0.09245F,p = 0 
-0.8944F,  -0.9407F, ¢ = 0.9245F,p +3500 = 0 


Solving Eqs.(1}, [2] and [3] yields 


Fyy = 1369.59 lb = 1.37 kip Fyc = 744.11 Ib = 0.744 kip 
Fp = 1703.62 Ib = 1.70 kip 
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3-51. Determine the force in each cable needed to 
support the 3500-lb platform. Set d = 4 ft. 


Cartesian Vector Notation: 


4i — 3j— 10k 


F,, =F, = 0.3578F, ,i —0.26 -0. F, 
‘AB af aa ‘AB 83F, gj — 0.8944F, pk 


3§~ 10k 


Fic =F, = 0.2873F, cj -0.9578F, ck 
ac e( | acd Ac 


41+ 1) - 10k 
Fu =F, ~0.3698F, pi + 0.09245F, p}-0.924 
= of Sa sal vee 


F = {3500k} Ib 


Equations of Equilibrium : 
IF=0; yg thct+ Rp tF=0 


(0.3578F,y ~0.3698F,)i+(—0.2683F,» + 0.2873F,c +0.09245F,p)} 
+(0.8944F, 5 - 0.9578F,- - 0.9245F,p +3500) k = 0 


Equating i, j and k components, we have 


= 


op --- 


0.3578F, 5 -0.3698F,p =0 
- 0.2683F,, +0.2873F,¢+0.09245F,, =0 
— 0.8944F, » -0.9578F, - ~ 0.9245F,p +3500 =0 


- 


Tv 


Solving Eqs.(1}, (2) and [3] yields 


Fig = 1467.42 lb = 1.47 kip Fic = 913.53 Ib = 0.914 kip 
Fp = 1419.69 Ib = 1.42 kip 
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*3-52. Determine the force in each of the three cables 
needed to lift the tractor which has a mass of 8 Mg. 


Cartesian Vector Notation: 


4 1.25}- 
Fy =F eet | ostgat 0265) 7615 


f2+(-1.25)? + (-3)? 


2i + 1.25j-3kk 


Fic =F, 
“e ef 


-li- 
E,p = tol ems = ~0.3162F, pi -0.9487F, pk 


¥(-1)?+(-3) 


F = {78.48k} kN 


Jason +0.3276F,¢}-0.7861F, ck 


Equations of Equilibrium : 
=F =0; Fug tEyct Ep t+ F =0 


(0.5241 Fy +0.5241F,¢ —0.3162F,p)i+(-0.3276F,5 +0.3276F,c)§ 
+(-0.7861F,y ~0.7861F,¢ ~0.9487F,p + 78.48) k = 0 


Equating i, j and k components, we have 
O.5241K,5 +0.5241Fic -0.3162%,p =0 


-0.3276F,, +0.3276F,- =0 
~0.7861F, 5 -0.7861F,¢ - 0.9487F,p + 78.48 = 0 


Solving Eqs. [1], [2] and [3] yields 
Fug = Fic = 16.6 KN Ein = 55.2KN 


F28CcoCPB) =/E 4B N 


166 


3 Solutions 44918 1/21/09 4:25 PM Page 167 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e3-53. Determine the force acting along the axis of each of 
the three struts needed to support the 500-kg block. 


Pa = (242258) 


3.905 


= 0.7682 Fy j + 0.6402 Fy k 


.75 1 = -2. 


= 0.1330 Fe i — 0.8865 Fe j ~ 0.4432 Fo k 


Mo = Fo( 


~1.251-5j- =5*) 
5.728 


= —0.2182 Fp i - 0.8729 Fp J ~ 0.4364 Fp k 

W =~-500(9.81) k = -4905 k 

IF =0; Fy + Fo + Fp +W20 

rF, =0; 0.1330 Fe ~ 0.2182 Fp = 0 

IF, 20; 0.7682 Fy — 0.8865 Fe ~ 0.8729 Fp = 0 

fF 20; 0.6402 Fp — 0.4432 Fo — 0.4364 Fp - 4905 = 0 
Fg = 19.2KN Ans 
Fo = 10.4kN Aus 


Fp = 6.32 KN Ans 


167 


3 Solutions 44918 1/21/09 4:25 PM Page 168 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


3-54. If the mass of the flowerpot is 50 kg, determine the 
tension developed in each wire for equilibrium. Set 
x = 15mandz=2m. 


Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 
Fap = Fapi 
(2 -0)i+(-6 —0)j+(3-0)k 


Fyc = Fac 
(2-0)? +(-6- 0)? +(3- 0)” 


2 6 <3 
=— -— +e 
5 Faci~$ Fac i+ Fick 


(1.5 - 0+ (-6- j+(2-Ok_|__ 3, 12 


— AD 
q-15-0)7+(6-0+@2-07] 33 


W =[-50(9.81)k]N =[-490.5k]N 


Ent; Fapi+ = Fapk 


Equations of Equilibrium: Equilibrium requires 
ZF=0; Fag +Fac +Fapn+W=0 


2 6 3 3 12 4 
Fap i+(SPaci-S Paci 3 Ack] (-2 Fwoi- —Fapjt+ < rapk) +(-490.5) =0 


13 
3 


2 3 6 12 4 
=F ur ——F sp li+| Fan —— Fur —-—F, +/=F — Fyn — 490.5 Ik = 
(3% 2 Fx | (Fas 7 Fac 55 wo ji (3h +A Fw 90. Ik 0 


Equating the i, j, and k components yields 


Solving Eqs. (1) through (3) yields 
Fag =1211.82N =1.21 KN 
Fac = 606N 
Fap = 750N 


W= 5009-8) N 
(a) 
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3-55. If the mass of the flowerpot is 50 kg, determine the 
tension developed in each wire for equilibrium. Set x = 2m 


and z = 1.5m. 


Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 
Fap = Fapij 
(2 -—0)i+(-6 —0)j+(3-0)k 


=o hici- Shc i+ Fick 
(2-0)? +(-6— 0)? +(3- 0)" 


(-2 -0)i+ (~6- 0)j + (1.5- Ok 


Fup = Fap 
¥-2- 0)* +(-6 0)? + (1.5- 0)? 


W =[-50(9.81)k]N =[-490.5k]N 
Equations of Equilibriam: Equilibrium requires 


=F = 0; Fag +Fac +Fap+w=0 


2 6. . 3 4 2. 3 7 
Fan i+(2Paci-S hich 3 ack) +(- 73 Fapi- 55 Fapi+ 2. Faok | +(-490.k) =0 


2 4 6 12 3 3 
(BF - rap \i+( tas - 9 Fac - 2 Faw )i+( 3 Fc + 3 Fp - 4905 k= 0 


Equating the i, j, and k components yields 
2 4 
7iac —73 FAD =0 
12 


6 
Fap —— Fac -—Fyp =0 
ABT TAC 13 42 
3 


3 
Fug +—Fap —490.5=0 
7 ‘AC 13 AD 


Solving Eqs. (1) through (3) yields 
Fag =1308N =1.31 kN 
Fug = 763N 
Fap = 708.5N 


W= 50(G-81)N 
(4) 
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*3-56. The ends of the three cables are attached to a ring 
at A and to the edge of a uniform 150-kg plate. Determine 
the tension in each of the cables for equilibrium. 


P = 150(9.81)k= 1471.5k 


4 6 12 
i 7a i - 5 7 ne 1$0(4.a1) 5 147).5N) 


6 4 12 
act hie kia & 
e~yhl- Gy esi- Gee 


4 6 12 
p= ~7g i+ 7 bi-  o 


4 6 
IF. 0; = -— 
= 4? 14 


4 
Fe- 7% =0 


ER =0; -Sm-AK+Sh-0 


14 14 


ER =0; - Fhe - Zhe- + uns =0 


14 14 
Fh = 858N Ans 
Fo =0 Ans 


Fp = 858N Ans 


e3-57. The ends of the three cables are attached to a ring 
at A and to the edge of the uniform plate. Determine the 
largest mass the plate can have if each cable can support a 
maximum tension of 15 KN. 


wi" ia 


Thus, 


12 12 
Assume Fy = 1S KN. Solving, ~7g-0- F+W =0 


Fo=0<15KN (OK) W=25.714KN 


Fp 2 15SEN {OK) mo a SS 2262Me Ans 
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3-58. Determine the tension developed in cables AB, AC, 
and AD required for equilibrium of the 75-kg cylinder. 


Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 


Fup = Fup | CIRM S-Oj+ G-OK 2-2 gt hugh Shak 
dea —0) +(1.5— 0)? +(3- 0)” 
Fag = Fc | OA 4+ (2- OK 


1 2 2 
: =-3Faci- 3 hic i+ hack 
(-1-0)" +(—2- 0)” +(2- 0)” 


3 


Fap = ra (3— 0)i+ (—4 —0) j+(0-— Ok 


3 4 
ee |= Fi — — F, 
5 ; = |= sfal-- ‘ADI 
Je-9 +(-—4- 0)* +(0-0) 


W =[-75(9.81)k]N =[-735.75k]N 


Equations of Equilibriam: Equilibrium requires 
ZF=0; Fag +Fac +Fa4pn +W=0 


2 3 6 1 2 2 3 4 
—=—F spit — Fup j+ — Fagk |+| -=— Faci- = Fac j+—Fic k |+| = Fypi- —F api |+ (-735.75k) = 0 
(-Z Fat 3 rand $ rank }+{ 2 Fac 2 fc i+ Fac k}+( 3 hap Savi ) 


2 1 3 3 2 4 6 z 
(-3 Fas - $F +3 )i+(Fh8 —ghac ~ 5 fap jn( "AB +3 Fac 73575) =0 


Equating the i, j, and k components yields 
2 


1 3 
—=Fyug —-—Fug +—Fap =90 (1 
7 TAB Ce (1) 


3 2 4 
=Fap 5 Fac -= Fa =9 (2) 


Shas +c -735.75=0 (3) 


Solving Eqs. (1) through (3) yields 
Fag = 831N 
Fac =35.6N 
Fap =415N 


W=75C96I) N 
(a) 
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3-59. If each cable can withstand a maximum tension of 


1000 N, determine the largest mass of the cylinder for 
equilibrium. 


Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 


-1- 0)i+(1.5-0) -0 
Fatal ¢ _— a as 2-2 rypit Sh aph+ Sank 
{1-9 +(1.5- 0)* +(3- 0) 


(-1- 0)1+(-2-0j +(2- OK tis 2 
Fyc = Fac == Fyci- = Fc j+—Fac kk 
oo +(-2- 0)? +(2- 0)" > 3 3 


Pap = Fap| Gabe 4 O44 O-OK_|_ 3p i 4 ey 
e- 0)? +(-4-0)7+(0-0)? | 5 5 
W =-m(9.81)k 


Equations of Equilibrium: Equilibrium requires 
=F = 0; Faz +Fac +Fap +W=0 


Bn 8 6 1 Qe 10 3 Brey 
( 2 raat 3 Fan $ Fak)+( 4 ch 2 hc 5+ Fic t}+(3eaot- aps}+[-mosnx]=0 


2 1 3 3 2 4 6 2 
(-36a0 ~ hac + Sw )t+(3 Fag - 3 Fac - 5 FAD Ji+( $e +5 Fc -m930 ) =0 


Equating the i, j, and k components yields 
2 1 3 

~5 FAB - 3fac +5 fap =0 

3 


2 4 
~ ae oR aa 0 
7 fas — 3 ac — = * ad 


Sip + oF — m(981)=0 


Let us assume that cable AB achieves maximum tension first. Substituting F4g = 1000 N into Eqs. (1) through (3) and solving, 
yields 


Fap = 500N Fac = 42.86N 
m = 903 kg 


We m(4'3/) 
(a) 
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*3-60. The 50-kg pot is supported from A by the three 
cables. Determine the force acting in each cable for 


equilibrium. Take d = 2.5 m. 


F=50(961)*490-5 N 


Cartesian Vector Notation: 


mA 12 Ses 


= Tpit i 


F,, =i,,| = 
wha aa 


= 3 
Sas Ja-Griet- Fret ek 


Kic=F, 
sic ess 


a Je-frotefate§ ok 


= F, 
Fa ol 


F = {-490.5k} N 


Solving Eqs.[1}, [2] and [3] yields 


Fue = Fp =312N 


Equations of Equilibrium : 


IF=0; Fy thyct+Fypt+F=0 


12 6 6 2 2 
(Fhe -5Fic ~$hio ji+(-5 act $F) 


13 7 7 : 
5 3 
(5 mat shacts 40-4903 )k=0 


Equating i, j and k components, we have 


= 


SUN AIA 
= 


sw 
Ps] 
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e3-61. Determine the height d of cable AB so that the force 
in cables AD and AC is one-half as great as the force in 
cable AB. What is the force in each cable for this case? The 
flower pot has a mass of 50 kg. 


Cartesian Vector Notation: 


Fyn = (Fin), 1+(Fa), & 


“e/ 6 - 2+ 3k 


2 f-oe-aies) 
— fas —6i + 25+ 3k ws 
OU" ete tew 
F = {-490.5k} N 
Equations of Equilibrium: 


IF=0;  Byg thc tEyp+F =0 


3 3 1 1 
(as), ~5fa ~ 5 has )i+(- ‘AB +h) 


3 3 
+((Fia), + fie + lie 4905) =0 


Equating i, j and k components, we have 
3 3 6 
Ce oe ee F=500761)=490:5N 
1 
“3 nathan =0 (Satisfied!) 
3 3 3 
(fia), + hist hia 4905=0 (Fig), =4905-F Fig 
However, Fa = (Fun); +(Fup)z» then substimte Eqs.(1] and (2) into this 
expression yields 
6. a 
Fis =($in) +(4905-3r) 
Solving for positive root, we have 


F, = 519.79 N = 520N 
1 
Fac = Fup = 5(519.79) = 260 N 


6 
(Fya)s = 5 (519-79) = 445.53 N 


3 
(Fp), = 490.5 ~5(519.79) = 267.73 N 


al (Fis) 1 (267.73 = 31.00° 
gon fe |e (ass) 


d= 6tan 6 = 6tan 31.00° = 3.61 m 
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3-62. A force of F = 100 Ib holds the 400-lb crate in 
equilibrium. Determine the coordinates (0, y, z) of point A 
if the tension in cords AC and AB is 700 lb each. 


: rf Sinyj+(4-2 ) 
ac ™ 
V8 +(-yP 44-27 


. 7 “S$ i-yj+(4-2k ) 
Aaa™ 
V (-S¥-+{-y? + (4-27 


FP =(100j}b W = {—400 k} Ib 


3500 3500 


LF, =0; + =0 


=700y -700y 
LF, 20; + +100=0 
’ V25+y+(4-zP  25+y+(4—2F 
700(4—2)__,__700(4-2) anna 1400 y = 100/25+ 7 +16» 
V2s+y+(4-2F 25+y2+(4-z3 196 7? = 25417 


1400 y = 100/25 +» +(4—z) y= 0.3737 ft=0.374ft Ans 


1400(4~z) = 400/'25+y° + (4—z)" 4(0.3737)=4-z; z=2S51ff Ans 


EF, =0; 
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3-63. If the maximum allowable tension in cables AB and 
AC is 500 Ib, determine the maximum height z to which the 
200-lb crate can be lifted. What horizontal force F must be 
applied? Take y = 8 ft. 


LF, =0; -1| sm : |J-r=0 
VF +8 + 4-2 

IF 20; 2| 0 nf ||-m0-0 
5? + 83 + (4 - z)* 


Dividing Eq. (2) by Eq. (1), 
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*3-04. The thin ring can be adjusted vertically between 
three equally long cables from which the 100-kg chandelier 
is suspended. If the ring remains in the horizontal plane and 
z = 600 mm, determine the tension in each cable. 


Geometry: Referring to the geometry of the free - body diagram shown in Fig. (a), the lengths of cables AB, AC, and AD are 


all! = 40s? +062 = J06im 


Equations of Equilibrium: Equilibrium requires 


m8 tol pa) "(Ba 


vs ds) RE 


Thus, cables AB, AC, and AD all develop the same tension. 
0.6 
<IF,=0; 3. 100(9.81) = 0 
° za} 


Fag = Fac = Fap =426N 


1004-BUN 


(a) 
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e3-65. The thin ring can be adjusted vertically between 
three equally long cables from which the 100-kg chandelier 
is suspended. If the ring remains in the horizontal plane and 
the tension in each cable is not allowed to exceed 1 kN, 
determine the smallest allowable distance z required for 
equilibrium. 


Geometry: Referring to the geometry of the free - body diagram shown in Fig. (a), the lengths of cables AB,AC, and AD are 


allt = 0.52 +22. 
Equations of Equilibrium: Equilibrium requires 


EF, <0 rol 0.5008 30° |-ra 0.500830° J. 


0.57 + <7 fost42 
0.5 0.5sin30° 
In =0 kyl —— |- —————— | | = 
y 
Fe: | | qo2+2 | 
Thus, cables AB,AC, and AD all develop the same tension. 


IF, =0; 3 S —100(9.81) = 0 
. in | 


Cables AB, AC , and AD will also achieve maximum tension simultaneously. Substituting F = 1000 N, we obtain 


< 


3(1000) — 100(9.81) = 0 
{ be +27 | 


= = 0.1730 m = 173 mm 


1009-81) N 
(2) 
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3-66. The bucket has a weight of 80 lb and is being hoisted 
using three springs, each having an unstretched length of 
lo = 1.5 ft and stiffness of k = 50 1b/ft. Determine the 
vertical distance d from the rim to point A for equilibrium. 


3d 
~ (a : is} P= 7 
54 [30 (V+ 1 - 1.5)] = 0 


vd + (1.5% 


d 
ee (Va + (LSP = 1.5) = 0.5333 


+ (L5 


df/f + (LSP - 15d = 0.5333 {4 + Sp 
Vd? + (1.59 (d - 0.5333) = 1.54 
[a? + (1.577) [a - 2d (0.5333) + (0.5333) ] = (1.5)? d? 


d* = 1.067 d? + 0,284.4? - 2.44 + 0.64 = 0 


d= 1.64 Ans 
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3-67. Three cables are used to support a 900-lb ring. 
Determine the tension in each cable for equilibrium. 


Cartesian Vector Notation: 


Fs tu ee) =0.6F;)-0.8F,9k 


ore 


3c0s 30% - 3sin 30°} - 4k ) 


Leh ooCoCo_CoCoOoO—XX— 
id el 75 30°)? + (—3sin 30°)? + (—4)? 


= 0.5196F,ci-0.3F,c)-0.8F,ck 


—3eos 30°i - 3sin 30°j- 4k ) 


By (_( 8B) OOOO 
7 ol 30°)? + (—3sin 30°)? + (—4)? 


= -0.5196F, pi — 0.3%, pj - 0.8%, pk 
F = (900k} lb 
Equations of Equilibrium : 
IF=0; Fug thot Rpt+F =0 


(0.5196F,¢ -0.5196F,p)i +(0.6F,y -0.3F,c -0.3%ip)J 
+ (-O.8F,, -0.8F,¢ ~0.8F,p +900) k = 0 


Equating i, j and k components, we have 


0.5196F,¢ -0.5196F,» =0 
0.6F,5 -0.3F,c -0.3F,p =0 
-0.8F,g -0.8F,¢ -0.8F,p +900 = 0 


Solving Eqs.(1], [2] and [3] yields 
Fug = Fic = Rip = 375 lb Ans 
This problem also can be easily solved if one realizes that due to symmetry all cables are 


subjected to a same tensile force, that is F,g = yc = yp = F. Summing forces along z 
axis yields 


IF =0; 900-3") =0 F=375 tb 
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*3-68. The three outer blocks each have a mass of 2 kg, 
and the central block E has a mass of 3 kg. Determine the 
sag s for equilibrium of the system. 


T = T, = Te = 2(9.81) 
LF, 20; 3(2(9.81))cos y - 39.81) = 0 
cosy = 05; y = 60° 


dn = 0.577 m 


p= 2ST. . 0333 m = 333mm Ans 
tan 60° 
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e3-69. Determine the angle 6 such that an equal force is 
developed in legs OB and OC. What is the force in each leg 
if the force is directed along the axis of each leg? The force 
F lies in the x—y plane. The supports at A, B, C can exert 
forces in either direction along the attached legs. 


5 10 
Fo, 2 F& (- ammonia ) 
on Fon" Theo) * inde 


= Fog (~0.4472 J +0.89443 k) 


Re & Fos (- Ssin60° , —Scos60° 10 ) 


i- —j- 


11.18 11.18 11.18 


= Fog (~ 0.3873 i = 0.2236 j - 0.8944 k) 


Foc = Foc ( j 


Ssin60? , _ Seos60?, 10 t) 


TT en TT See BT | 
= Foc ( 0.3873 i ~ 0.2236 J — 0.8944 k) 
F = 100 (sin 0i+ cos @j) 
rr =0; — 0.3873 Fog + 0.3873 Foc +100sin@ = 0 
If Foc = Fog, then 100 sin@ = 0; e620 Ans 
~ 0.4472 Fo, — 0.2236 Fog — 0.2236 Foc + 1002 0 
0.8944 Fo, — 0.8944 Fog — 0.8944 Foc = 0 


Fo, = 149 1b Ans 


Fog = Foc = 74.5 lb Ans 
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3-70. The 500-Ib crate is hoisted using the ropes AB and 
AC. Each rope can withstand a maximum tension of 2500 Ib 
before it breaks. If AB always remains horizontal, 
determine the smallest angle 6 to which the crate can be 
hoisted. 

Casel: Assume Z,, = 2500 Ib 


2500 - %c cos@= 0 


Tic sin® - S00= 0 


@ = 11,31° 
The = 2549.S5ib > 2500 Ib 
Case2: Assume T,¢ = 2500 Ib 
+T XE = 0; 2500 sin@ — 500= 0 
@ = 11.54° 
Ty ~ 2500 cosi1.54° = 0 
Ty = 2449.49 < 2500 b 


Thus, the smallest angle is @ « 11.5° Aus 


3-71. The members ofa truss are pin connected at joint O. 
Determine the magnitude of F, and its angle 6 for 
equilibrium. Set F, = 6 KN. 


6 sin 70° + F, cos9-$ cos sor - 37) =0 


F, cos @ = 4.2920 


6 cos 70° +5 sin 30°-F, sind - 37) =0 


F, sin@ = 0.3521 
Solving: 
0=4.69° Ans F, 34.31 KN 
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*3-72. The members of a truss are pin connected at joint O. 
Determine the magnitudes of F; and F, for equilibrium. 
Set 6 = 60°. 


F,sin 0" + F,cos60? ~ Seos30* - 2(7) =0 


0.9397F, + 0.5F, = 9.930 


F, cos 70° + $sin30° ~ F, sin6o? -2(7 =0 


0.3420F, ~ 0.8660F, = 1.7 
Solving: 


F=9.60kKN Ans F, = 1.83 KN 
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e3-73. Two electrically charged pith balls, each having a 
mass of 0.15 g, are suspended from light threads of equal 
length. Determine the magnitude of the horizontal 
repulsive force, F, acting on each ball if the measured 
distance between them is r = 200 mm. 


r = 200 mm 


Tsin 60° - 0. 15(10)"3(9.81) 20 


T = 1.699(10)? N 


1.699(10)"? cos 60° - F =0 , 
F =0.85Q(10)N 0150 iG 9B1)N 


=0.850mN Ans 
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3-74. The lamp has a mass of 15 kg and is supported by a 
pole AO and cables AB and AC. If the force in the pole acts 
along its axis, determine the forces in AO, AB, and AC for 
equilibrium. 


Cartesian Vector Notation: Equating i, j and k components, we have 


—6i +3} - 6k 2 1 2 
Fis | s eis aad 3Foak 


(~6)? +3 + (-6)? 


~2i +3j-6k 2 3 6 
= s-=ici+s ch-sFack 
Fyc e( ae | qhacl + a hacl~ 5 


Solving Eqs.{1], (2) and (3] yields 


2i- 1.5j+6k 4 3 12 
Fio= of u Jp fet spoke Poe Fyg=10N Fe=85.8N Fo=319N 


{2+(-15"%+e) 13 
F = {-147.15k} N 
Equations of Equilibrium : 
IF=0;  FysthicthotF =0 
2 2 4 1 3 3 
(-jhe ~ hic fio )i+( she +5Fic~ Tyhho 
2 


6. 12 
+(-Fhue ~ Shae + hio~ 147.15) 20 


F=/5(9-B1)=/47:19 N 
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3-75. Determine the magnitude of P and the coordinate 
direction angles of F; required for equilibrium of the 
particle. Note that F3 acts in the octant shown. (—1 ft, ~7 ft, 4 ft) 


F, = 360 1b 


Fy = 120 1b 


Fy = 300 Ib 


BF = 300 --Lj- 7 Jick 
: jo 6 6 Thus, with P = 638.65 Ib, F, = -169.95 Ib. 
With P = 253.81 Ib, F, = 191.69 b. 
= 44,313 1-—310.191 J +177.252& In order for F, to be within the octant shown, choose 
E, = - 120j P = 639 Ib Ans 
EF, = - 30k 
Rw Ff, i+ 5 j+k& (1) 
P = Pcos 20°} + Psin 20° k 
ZF =0; -44.313+F =0 
F, = 44,313 b 
IF, =0; - 310.191 ~ 120+ F, + 0.9397P = 0 
IF, 20; 177.252 -— 300 + F, + 0.420P = 0 


From Eq. (1), require 


200 = fF? + FP + F2 


(200)? = (44.313) + (430.191 -0.9397P)? + (122.748 -0.3420P 


P? —892.459P + 162 095 =0 


Solving, 
P= 638.65 sd P=253.81b 
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*3-76. The ring of negligible size is subjected to a vertical 
force of 200 lb. Determine the longest length / of cord AC 
such that the tension acting in AC is 160 Ib. Also, what is the 
force acting in cord AB? Hint: Use the equilibrium 
condition to determine the required angle 6 for attachment, 
then determine / using trigonometry applied to AABC. 


Equations of Equilibrium: 
EF, =0;  Fygcos 40°— 160c0s 6 = 0 
+TEE =0; Fygsin 40°+ 160sin 6-200=0 


Solving Eqs.{1) and [2) yields 


6= 33.25° 
Fig = 17510 


Geometry : Applying law of sines, we have 


t - 2 
sin 40° sin 33,25° 


(= 2.34 ft 


e3-77. Determine the magnitudes of F,, F,, and F; for 
equilibrium of the particle. 


A + F cao - 200(2) = 0 


800 (5) + Koos 138" - 6 20 


F, cos 60°- 200 = 0 
F = 400b Ans 
F = 280b Ans 


F = 3S7b Ans 
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3-78. Determine the force in each cable needed to 
support the 500-Ib load. 


Equation of Equilibrium : 


z 


4 
LE =0; Feo( )-500=0 Fey = 625 Ib Ans 


Using the results Fop = 625 Ib and then summing forces along x and y axes 


3-79. The joint of a space frame is subjected to four 
member forces. Member OA lies in the x—y plane and 
member OB lies in the y—z plane. Determine the forces 
acting in each of the members required for equilibrium of 
the joint. 


Equation of Equilibrium : 


=F=0; Fsin45°=0 F, =0 Ans 
ZE=0; Asin40°—200=0 A=311.14lb=311b Ans 


Using the results F, = 0 and F, = 311.14 Ib and then summing forces along 
the y axis, we have 


EF =0; K-3ll.14cos40°=0 Ff =2381b Ans 
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